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"EXECUTIVE SUMMARY

Terrestrial ecosystems containing intact soil cores have shown
effective utility for evaluating vertical migration of hydrocar-
bon chemicals in soil. Sampling probes containing selective ad-
sorbants have demonstrated that the hydrocarbon components of jet
fuels can be iecovered for analysis. Gas chromatographic tech-
niques are very sensitive for tracing and quantifying hydrocarbon
movement in the soil cores. Soil microarthropods are very sensi-
tive organisms for testing the toxicity of jet fuel components.
Carbon dioxide evolution into the headspace above the jet fuel
treated soil cores increases and may be an indicator of stress to
soil flora and fauna. The paths and rates of transport of aqueous
leachates through soil cores change dramatically with time because
of fauna borings and tunneling as well as by other physical causes,
The hydrocarbon components of jet fuels migrate to varying depths
and quantities independent of one another and appear to be inde-
pendent of aqueous leachate movement. Microbial degradation of
Model JP-5 jet fuel appears to have occurred in culture flasks
containing jet fuels inocu2ated with cultures of soil organisms.

TEST SYSTEM DEVELOPED

• Model terrestrial ecosystems were designed and evaluated.

• Intact soil cores were obtained for tests.

Sampling systems were designed using lateral probes at
10-cm vertical core depths.

Hydrocarbon adsorbents were used in sampling boats for
recovery of hydrocarbon components.

TESTS PERFORMED

Shale-derived jet fuel JP-4, Model JP-5 and hydrazine were
evaluated for fate in terrestrial ecosystems.

Jet fuel components were tested for migration and degrada- [

tion in soil.

Hydrocarbon components were sampled at different depths in
soil cores.
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Gas chromatographic analyses of recovered hydrocarbons were

performed.

• Microbial degradation studies were performed.

* Acute toxicity studies were performed on jet fuels.

* Microbial mutagenicity tests of jet fuels were performed.

• Microarthropods were used as indicators of jet fuel toxicity
to biota in soil cores.

Carbon dioxide evolution into core headspace was used as an
indicator .f stress to biota of ecosystem.

* Aqueous leachate quantities were measured at various depths
to study transport mechanisms.

* Jet fuels were evaluated in outdoor arid indoor suol cole
ecosystems.

RESULTS

Both JP-4- and JP-5-dosed cores initially show a stressed

condition as indicated by an increased rate in CO2 produc-
tion followed by a rate of CO2 production comparable with
the controls. /,
JP-4 and JP-5 jet fuels have low acute cytotoxicity ukJiq

cultured rodent and human cells.

• JP-4 is mutagenrc to one Amos bac;terial strain,

JP-5 is very toxic to soil microarthropodu at doseo of
6.6 mL/ft 2 and 3.3 mL/ft. Possible alterationL illn gzuwtLi
processes could be occurring.

Soil microbes are able to degrade Ji'-5 in cultuies illocu-
lated with soil organisms.

Movement of JP-5 in the laboratory occurred to a depth of
50 cm with the majority of hydrocarbons being transported
in the first 10 cm. Hydrocarbon components did riot perslst
past. the 131st day of the experiment.

The outdoor soil core showed movement of JP-5 to a 30(-c;i,
depth, The majority of the fuel hyd:ocarzon'a were ve*n at
10, 20, and 30 cm. Up to the 173rd day of the ,xparimclit
hydrocarbonu were detectable in the co01.
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The core doted with JP-4 showed hydrocarbon movement down
6o 50 cm, Only a few hydrocarbons were present at this

del;tli,

Water lenchate quantities and depths of tiansport varied

cunuiuemnbly aniong all cores tested.

Water leachate volumes recovered appear to be independeunt
of hydrocnrlot' leachate quantities,

*ldrydazlhe was riot found to migrate Into soil cores.
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1. INTRODUCTION

1.1 BACKGROUND

Many man-made chemicals or chemicals related to man's activity
are potential hazards to human health and to the welfare of other
biological organisms when released into natural terrestrial and
aquatic ecosystems. To assess the impact of these compounds and
future materials, cost-effective yet valid laboratory methods
using model ecosystems have been investigated by many researchers
(see the bibliography). No one ideal system has been identified;
however, specific systems for specific compounds have been identi-
fied by the research efforts of these scientists.

This research program is designed to develop methodology to aid
in the prediction of the fate and biological effects of released
foreign materials on soil surfaces and to assess their fate and
migration through the soil and into the groundwater. The intent
of this research is to develop a valid approach using a labora-
tory system to assess the fate and effects of test chemicals
before they are widely used in the environment.

In order to assess the effects of these chemicals in the environ-
ment, factors which could impair the ecological welfare of living
organisms were identified, The quantity of material and its de-
gree of toxicity, mutagenicity, biodegradability, mobility, persis-
tence, and bioaccumulation are such factors considered significant K
in the assessment of potential damage to the environment. Our
model ecosystem is designed to accommodate the monitoring of such
factors.

The first year of investigation was devoted primarily to develop-
ment of both a laboratory system and a protocol for performing
actual environmental fate experiments of specific materials [1].
Some initial experiments were performed to test the system and to
develop test procedures rather than to acquire final test data.

[1) Ross, W, D. Hillan, W. J. Wininger, M. T. McMillin, C. R.,i•

Gridley, J. A., Kebe, S. C., Aubuchon, J. J., Spillman, J. E.,
Gohmann, C. M., and Hughes, G. A. Environmental fate and bio-
logical consequences of chemicals related to Air Force activ-
ities. Dayton, Ohio; Monsanto Research Corporation; September
1980. 33 p. Contract F49620-79-C-0207, Report No. MRC-DA-1000.

1
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In the second year of study (2], modification of equipment, re-
finement of experimental procedures, and evaluation of the soil
ecosystems using JP-4 jet engine fuels were performed. Further
analytical data involving a model JP-5 and hydrazine were gener-
ated in the final year of study. All areas of study are covered
in detail in this report.

1.2 OBJECTIVES

The specific objectives of this research program were toz

Develop a valid protocol for assessing the environmental
effects of chemicals related to Air Force activities in a
laboratory terrestrial ecosystem to provide information for
preparation of effective environmental impact statements.

Develop and evaluate a laboratory model terrestrial ecosystem
that can be used to determine the effects of these materials
on soil biota.

Develop in situ sampling systems that will permit the effi-
cient recovery of hydrocarbon components and/or their degra-
dation products as a test material progresses through an 4
intact soil core in the ecosystem.

Assess the bioactivity of these products and metabolites for
health and ecological effects as the test material moves
through the model ecosystem.

Chemically characterize the bioactive components by instru-
mental analytical methods.

• Finally, validate the test system by field studies.

1*.

[2] Ross, W. D., Hillan, W. J., Wininger, M. T., Gridley, J. A.,
and Fullenkamp, J. M. Environmental fate and biological
consequences of chemicals related to Air Force activities.
Dayton, Ohio; Monsanto Research Corporation; September 1981.
50 p. Contract F49620-79-C-0207, Report No. MRC-DA-1092.

2
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2. EXPERIMENTAL

2.1 DES1GN AND FABRICATION OF MODEL ECOSYSTEM

Many investigations have been performed by other researchers
using variations on laboratory terrestrial ecosystems (see bibli-
ography). Many of the test systems and procedures use standard-
ized soils, biota, and meteorological conditions. Because of the
complexity and variety of different soil and water ecosystems in
nature. we have chosen to investigate the problem using a more
empirical approach where the actual site of potential spills is
simulated in the laboratory. This was done by acquiring soil
cores Fnd meteorological history from the site of concern. These
experimental conditions were used to mimic the field conditions as
closely as possible.

A prototype laboratory-model terrestrial ecosystem was designed
and fabricated as shown in Figure 1. Several ecosystems are
shown set up in the laboratory in Figure 2. The material of con-
struction was polyvinyl chloride,a which proved to have the ex-
cellent physical strength properties required for filling with
intact soil cores. The material is also transparent, permitting
visual observation of the in situ soil core. Models are shown
set up in the laboratory in Figure 2.

Concern over the potential bioactivity of the polyvinyl chloride,
polymeric material led to an evaluation of small fragments (25 pg)
of the material for mutagenicity using the Ames microbial test.
Acute cytotoxicity was also evaluated using the CHO c'lonal assay.
N,_ bioactivity was seen in either bioassay.

The original ecosystem models are 1 m high and 10 cm in diameter
with a wall thickness of 0.5 cm. Remlovable top and bottom caps
are fabricated from polyvinyl chloride. The top has a 1/4-inch
Swagelok fitting for positioning the 100-mL water/sample reservoir.
it contains a stainless steel water-distributing system for simu-
lating rainfall on the surface of the soil core. Figure 3 is a
photograph of the water distribution system inside the top cap.
Tre bottom also contains a 1/4-inch Swagelok fitting for the exit
of aqueous leachate.

The body of the system contains seven, 2-cm-diameter sampling
ports at 10-cm vertical intervals, oriented 600 apart. Male
Swagelok fittings made of 316 stainless steel, are threaded into
the lower six ports to accommodate 1.2-cm-diameter stainless steel
probes. The probes are hollow tubes 18.5 cm long with pointed
tips that allow insertion into the soil core (see Figure 4). A
hole, A cm in diameter, is located I cm from the tip of each probe

aExcellon-R.-4000, purchased from Dayton Plastics, Dayton, Ohio.
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Figure 4. Sample probe assembly.

to allow passage of leachate into the probe and out the distal end.
Teflon tubing fitted over the distal end allows collection of leach-
ate in French square bottles.

The hollow probes accept sampling boat inserts designed to contain
adsorbent materials. The sampling boats, machined from 1-cm-diameter
stainless steel rods, have 1.8-cm by 0.7-cm ports cut through their
diameters (see Figure 5). Stainless steel screens positioned on
either side of each port hold 1.25 cm3 of XAD resins or other ad-
sorbents in place. The leachate flowing into the sampling probe
can flow freely through the sampling material and out the probe
tube. Each sampling boat is threaded onto the end of a stainless
steel rod 3 mm in diameter and 23 cm long.

The top port in the system contains a 1/4-inch (0.6-cm) male,
stainless steel Swagelok fitting and within it is a Teflon/
silicone septum. A 1/4-inch (0.6-cm) female fitting is coupled
firmly over this septum. This port enables a gas-tight syringe
to be inserted through the septum and headspace gases removed for
subsequent injection into the gas chromatograph. Further descrip-
tions of headspace gas analysis by this method and an alternative
method are presented in Section 2.4.5.

2.1.1 Modification of Initial Ecosystem Design

Several changes in the initial design of the system were deemed
necessary after evaluating the ecosystem. First the sampling

6
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Figure 5. Sample probe sampling boat
containing adsorbent inserts.

probes of the latest ecosystem design have been modified by plac-
ing the probes at a slight downward angle (100 below horizontal)
to facilitate immediate flow of leachate to the sampling bottles.
Prior to this change, leachate would occasionally fill. up the
probes because of surface tension before running out, causing
misreading of leachate migration rate data.

The sampling probe and inserts were also made, as shown in Figure 6.
This modification (Figure 6B) addressed a need for the option of
permitting aqueous leachate to pass through the adsorbent for re-
coveiy of organic compounds without impeding the flow of water to
lower soil depths. The initially designed probe (Figure 6A) per-
mits shunting of the leachate laterally to the outside for moni- I
toring flow rates and volumes. Depending on the particular study
required, either option is now available.

In preparation for monitoring headspace vapors above the soil
cores, ecosystems were shortened to reduce headspace. The origi-
nal 100-cm tube was cut to 75 cm. This modified ecosystem aids
in the concentration of volatile components into a smaller head-
space volume. Volatile degradation products or volatile compo-
nents of the test material are then recovered and analyzed.

2.1.2 Soil Core Placement in Ecosystem

In preparation for filling the ldburatory ecosystem models (the
polyvinyl chloride tubes) with intact soil cores, trenches 4 ft

7
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by 1 ft by 3 ft deep (121.9 cm by 30.5 cm by 91.4 cm) were dug in
the soil adjacent to the site where the cores were to be taken.
The uncapped tubes were placed on end about 1 ft from the edge of
the hole, and a 2-ft-long (61-cm) 2 in. by 4 in. (5.1 cm by 10.2 cm)
soft pine board was placed across their tops. A sledge hammer
was use ý•, drive the tubes into the soil to a depth of 73 cm.
The tops were then pushed laterally back and forth, freeing the
tubes containing the intact cores. Later, cores were obtained by
driving the tubes into the ground at desired depths. Then holes
were dug with a post hole digger adjacent to the filled tube.
The bottom caps were put in place and the ecosystem models were
taken into the laboratory.

2.2 DEVELOPMENT OF TESTING PROCEDURE FOR EVALUATING THE FATE
OF MATERIALS

2.2.1 Evaluation of Prototype Model Ecosystem

Test procedures were investigated for determining the optimal
method for evaluating the chemical transformation of test materi-
als. Included are the extent and rate of transport through the
soil core using simulated rainfall.

Initial studies involved the gravitational transport of 100 mL of
water added to the top of the soil core by the water distribution
system. Dry filter paper was placed in the probes and the time
was recorded as each probe filter paper was wetted and as the
water leachate began to run from the bottom of the ecosystem.
The total time was about 4 hours. This indicated that little or
no channeling was occurring at the soil/tube wall interfaces.

Additional preliminary work included use of a 100-mL aliquot of a
solution of crystal violet (used as a visible tracer) to deter-
mine the sampler and adsorbent recovery efficiencies as well as
the flow characteristics through the sampling probe and sampling
insert. The sample was added by the sample distribution system.
Samplers containing XAD-2 resin were inserted at 10, 20, 30, 40,
and 50 cm below the soil surface. The 10- and 20-cm probes re-
tained enough crystal violet to color the XAD-2. The lower probes
and bottom leachate had no visible color.

Based on the results described above, the laboratory ecosystem
was evaluated for (1) functional properties of the water distri-
bution system, (2) water transport and permeability properties of
the soil core, and (3) functional properties of sampling probes
and adsorbents. Following the favorable outcome of the laboratory
transport studies in our model ecosystem, efforts were then con-
centrated on th'2 development of a leachate concentration method;
a mechanism fo'. studying stress and equilibration, and development
of an analytical scheme.

9



2.2.2 Ap2ropriate Method for Leachate Concentration

The potential toxic metabolites and degradation compounds are
dilute in many of these studies, especially as the materials
progress through the core. Therefore, it was essential to con-
centrate the materials for both bioactivity testing and chemical
characterization. Three methods of concentration were investi-
gated: adsorption, reverse osmosis (RO), and lyophilization. The
XAD-adoorption methodology was determined to be the most useful
method for collecting samples in situ and also for concentrating
organic materials in the leachate. The other two techniques were
evaluated for potential use in concentrating larger amounts of
loachate as it passed through the ecosystem.

The adsorbent used in the adsorption study was Rohm and Haas
Amberlite XAD-2, a low polarity styrene-divinylbenzene copolymera
which posuesaes the macroreticular characteristics necessary for
high sorptive capacity, Its recovery efficiencies have been de-
termined for over 80 organic compounds in water by Junk, et al. [3].

in this study, submutagenic amounts of acridine orange (170 ppb)
were added to wastewater and passed through XAD-2 resin.

Figuse 7 showu the apparatur used. The XAD was then desorbed
with 5 mL of diniethylzulfoxide (DMSO), and the recovered material
was applied to an Ames mutagenicity test. The concentration fac-
tor wag calculated to be 198 ti.mes arid the mntceýial gave a posi- V
tive xesponse in the Ames test.

Fuithe; experimenits were performed to find the most efficient ad-
sorbent for use In the sampling probes. Rohm and Haas macroretic-
ulat XAD resinis are well recognized as very good adsorbents for
oiganic materiala in aqueous systems. Some XAD materials are more
efficient in the retovery of specific organic chemical classes
than others, and we evaluated XAD-2, -4, -7, and -8 seeking the
bout adsorbont for the recovery of shale-derived JP-4. The XAD-7
adaoibont, was found to be most efficient in recovering JP-4 from
mnu~ouum olutlorim, arid was selected to be used throughout the jet
fuel Invest~gation.

aArroerlite XAD Macroreticular Adeorbents, Rohm and Hiaas Research

Division, Philadelphia, Pennsylvania.
- - - - --- - - - -

13] Junk, 0. A., Richard, J. J., Grieser, M. D., Witiak, D.,
Witiak, J. L., Arguello, M. D., Vick, R., Svec, H. J.,
Firtz, J. S., and Calder, 0. v. Use of macroreticular resins
in the analysis of water for trace organic contaminants.

hmurnaJ oi Chromatography. 99;745-762, 1974.

10
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Figure 7. XAD concentration evaluation apparatus.

Similar approaches were used to evaluate lyophilization and reverse
osmosis techniques for concentrating larger amounts of leachate
materials recovered from the soil core ecosystem. These two con-
centration techniques are usable but require much processing time
and entail the use of more expensive equipment. Figures 8 and 9
are photographs of the test equipment used.

2.2.3 Determination of a Mechanism for Studying Stress and
Eguilibration L

To aid in the assessment of the indirect effects of chemical stress
on the biota and to determine the adjustment of the biota to the
laboratory conditions, the concentrations of calcium in the leachate
and carbon dioxide in the headspace were monitored. At the end of
the 3-week equilibration time, the trend was linear and the cores
were ready for treatment by the test material.

Calcium, dissolved in the leachate from the ecosystems, was meas-
ured by sequestering it with disodium dihydrogen ethylenediamine
tetraacetic acid (EDTA) and titrating [4]. The titration end

[4] Calcium-method 215.2 (titrimetric, EDTA). In: Methods for V
chemical analysis of water and waste. Cincinnati, Ohio; U.S. 1
Environmental Protection Agency; March 1979. p. 215.2-1 F
through 215.2-3. EPA-600/4-79-020.
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Figure 8. Lyophilization apparatus evauated ,
for concentration of leachate.

Figure 9. Reverse osmosis apparatus evaluated
for concentration of leachate.
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point is detected by means of an indicator, eriochrome blue black
R, which combines with calcium alone. The titration is performed
by adjusting the pH to 12 with 1 N sodium hydroxide. The indicator
is added with continuous stirring until an end point is reached.

Carbon dioxide in the headspace gases was measured to assess the
equilibration of cores; i.e., stabilization to laboratory condi-
tions, prior to treatment with a test compound. Carbon dioxide
evolution is an indicator of biota activity and equilibration is
assumed when a constant evolution is indicated. Carbon dioxide
was also measured after treatment of the cores with test materials
to note changes in headspace content, which were used as an indica-
tor of stress to the biota or changes in metabolic activity of the
organisms in the soil. It was decided that the change in carbon
dioxide would be used as a determination of equilibration and
stress. This was based on the ease with which data could be ob-
tained. Calcium analysis requires leachate to be collected, which
is not always possible with this test system.

2.2.4 Groundwater Simulation

Variations in groundwater could possibly affect lateral and ver-
tical transport of test material through the soil. Studies were
undertaken to mimic groundwater variations in the laboratory test
systems by maintaining a reservoir of water adjacent to the eco-
systems. A tube, running from the bottom of the reservoir to the
bottom part of the ecosystem, was used to supply subsurface water
to the soil cure. Groundwater levels were changed by raising and
lowering the water reservoir, simulating groundwater fluctuations.
This procedure was not incorporated into the testing protocol.

2.2.5 Analytical Scheme

The initial development of a test procedure in the first phase of
this investigation is diagrammed in Figure 10. Shale-derived
JP-4 jet fuel was used as the test material.

Figure 13 is a chromatogram of the shale-derived JP-4 jet fuel
prior to subjection to the terrestrial ecosystem. The gas chro-
matographic (GC) instrument conditions were as follows:

Chromatograph: Hewlett-Packard Model 5880A
Detector: flame ionization
Detector gases: H2 , 60 mL/min; air, 300 pL/min
Detector temperature: 200 0 C
Column: 6 ft x 1/8 in., stainless steel packed with 3% OV-l

on 100-120 mesh
Column packing: Chromosorb B WAW DMCSCarrier flow: 40 pL/min 1-Temperature program: -50 0 C to 200 0 C @ 8 0 C/min

13 [J
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Initial test soil cores prepared

Equilibration of cores

Aliquot of test material (shale JP-4)
added to surface of core to simulate spill

H2 0 added via rainfall
simulator

Soil cores assayed for
microarthropods population

Leachate recovered via
sampling probes

Hydrocarbons desorbed from XAD-7 (
sampling material with pentane

GC analysis of pentane/XAD extract

Comparison of chromatograms of JP-4 before
and after application to ecosystem

Biotesting of extract

Chemical characterization of
bioactive components

Figure 10. Suggested test procedure for evaluating shale-df,rived
JP-4 in laboratory model teirestrial ecosystem.
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Table I presents the data recovered from this initial analysis of

shale-derived JP-4 using the protocol described in Figure 10.
Because of the complexity of this material, only the four major
components were compared in this study. The amount of JP-4 added
to the soil surface of the ecosystem was 5 mL (or 0.06 mL/cm2 ).
An aliquot of 100 mL of water as simulated rainfall was first
added to the surface by the water distribution system. No aqueous
leachate penetrated the core below the second sampling probe. The
XAD-7 adsorbent contents of probes 1 and 2 were each desorbed with
2 mL of pentane 115 minutes after the addition of water to the core
surface. Three microliters of each pentane solution were injected
into the chromatograph and analyzed using the conditions described.
These data in columns 2 and 3 of the table indicate that very small
amounts of JP-4 components penetrated the top layer of soil of the
ecosystem. Five days later another 100 mL of water was added to
the surface of the core. After 3 hours the XAD-7 contents of
probes 1 and 2 were desorbed with pentane and analyzed by gas chro-
matography. Again, the water penetrated the soil only to the
depths of the first two probes. These data, recorded in columns 4
and 5, indicate that larger quantities of the JP-4 components were
transported with the additional 100-mL aliquot of water.

TABLE 1. COMPARISON OF GAS CHROMATOGRAPHIC SEPARATED
COMPONENTS OF JP-4 PRIOR TO TEST VERSUS RECOVERED
MATERIAL FROM ECOSYSTEM SAMPLING PROBES

Peak area from JP-4 XAD-7
GC retention recovery after H2 0 addition

times of
standard 100 mL 200 mL

JP-4, minutes Probe 1 Probe 2 Probe 1 Probe 2

16.53 - 273 257
22.30 36 - 253 250
27.91 - 106 824 1,348
33.22 - 122 -

The GC peak areas of components measured, also indicated a select-
ive recovery of components due either to selective adsorption or
selective transport of the JP-4 components (see variation of com-
ponents in probes 1 and 2, Table 1).

The above data were recovered from a preliminary experiment used
to evaluate the prototype laboratory model ecosystem and to aid
in the development of a test procedure. Additional experiments
have been conducted and refined and are presented in Section 2.3,
Bioanalytical Methodology, and Section 2.4, Analytical Method-
ology.

16
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2.3 BIOANALYTICAL METHODOLOGY

Central to this investigation was the determination of the bio-
logical consequences; i.e., toxicity to living organisms of the
starting test material, the chemical degradation products, and/or
the biological metabolites formed as the test material progresses
through the ecosystem. The bioactivity assessment determines tox-
icity to biota in the soil by the test materials; i.e., ecological
effects and the potential for health effects problems. The mam-
malian cell clonal assay and the Ames mutagenicity test were used
to test for health effects.

2.3.1 Carbon Dioxide Analysis

2.3.1.1 Purpose of Carbon Dioxide Analysis

As stated previously, carbon dioxide in the headspace gases was
measured to assess the equilibration of the cores; i.e., stabi-
lizatic• to laboratory conditions prior to treatment with a test
comF'oL:J. Carbon dioxide was also measured after treatment of the
cores A..h test materials to note the effects of chemicals on CO2
evolution in headspace gases. This method was used as an indicator
of stress to the biota and to study changes in metabolic activity
of organis:as in the soil.

2.3.1.2 Determination of Carbon Dioxide Evolution

The carbon dioxide evolved from the metabolic activities of biota
in the soil was measured three times per week. Alkali traps con-
taining 5 mL of 0.8 N potassium hydroxide were suspended in the
headspace of the ecosystem. The traps were removed and titrated
with 0.3 N hydrochloric acid [5].

2.3.1.3 Effects of Dosing with Shale-Derived JP-4

Carbon dioxide evolution was monitored in each of four cores for
over a half a year. Core 9 was a control core and was not dosed.
Core 10 was dosed with 10 mL of shale-derived JP-4. Figure 12 is
a plot of the accumulated carbon dioxide evolution for both cores.
After dosing Core 10 on day 36, there was an increase in the rate
of carbon dioxide evolution from that core (as indicated in Fig-
ure 12) which became evident on day 40. Table 2 contains the run-
ning accumulation of the carbon dioxide analysis data over time
for Cores 9 and 10. These data indicate that after the increase in
rate of carbon dioxide evolution by Core 10, this core, following

15] Titrimetric method for free carbon dioxide. In: Standard
methods for the examination of water and wastewater, 14th ed.,
1975. Washington, American Public Health Association, 1976,
p'. 298-300.
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pH treatment, continues to produce CO2 at a higher rate than the

control core.

2.3.1.4 Effects of Dosing with Model JP-5

The other two cores which were monitored extensively for carbon
dioxide evolution were Cores 11 and 12. Core 11 was the control
core and Core 12 the dosed core. In this case, Core 12 was dosed
with 10 mL of Model JP-5 on day 40. Figure 13 and Table 3 indi-
cate a response similar to that of Core 10, the JP-4-treated
column.

2.3.1.5 Results

Both the core dosed with shale-derived JP-4 and the core dosed
with model JP-5 showed an increase in rate of carbon dioxide evo-
lution within one day after application. Following the increase
in CO2 evolution rate, the carbon dioxide production of the dosed
cores returned to a rate almost comparable to that of the control
cores. Although carbon dioxide is a known byproduct of catabol-
ism, this increase in production of carbon dioxide does not nec-
essarily indicate biodegradation was taking place. It is possible
the fuels were being utilized in the metabolic pathway and carbon
dioxide was evolving as a result. However, the final stages of
metabolism might be inhibited, in which case a decrease in the
rate of the carbon dioxide formation would not occur immediately.
Additionally, it is also possible the fuels were toxic to one
species and not to another; for example, the arthropods and the
bacteria, respectively. In such a case the bacteria would thrive
as the arthopods decayed. Our soil ecosystem is a more complex
testing tool than, for instance, a respirometer, with a number of
possible factors contributing to the increase in carbon dioxide
evolution. As such, we feel it offers a realistic approach to
enviromental effects of compounds. Its drawback is that at best
all that can be concluded is that the fuels are stressful to the
ecosystems. Additional studies would be needed to determine if
it is a positive or a negative stress to the environment. The
following bioanalytical studies are supplementary to these data.

2.3.2 Acute Cytotoxicity Testing

2.3.2.1 Assessment of Optimum Method

The acute cytotoxicity of test material products was determined
by the in vitro Chinese hamster ovary (CHO) cell clonal assay [6]

[6] Wininger, M. T., Kulik, F. A., and Ross, W. D. In vitro
clonal cytotoxicity assay for chemicals using Chinese hamster
ovary cells (CHO-Kl). Tissue Culture Association Manual.
5(2):1091-1093, 1979.
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and the mammalian cell agar overlay test [7]. The agar overlay
test has been evaluated for the application of XAD adsorbent con-
taining a known toxic material, acridine orange, and shale JP-4.
Figure 14 illustrates the direct application of the XAD material.
This test was used as a rapid spot test for toxic materials ad-
sorbed on the XAD (located in the sampling probes) to the agar
overlay test system.

Figure 14. Agar overlay mammalian cell cultures; control culture
and culture with XAD plus acridine orange.

[7] Ross, W. D., Wininger, M. T., Hare, R. J., McMillin, C. R.,
and Gridley, J. A. A sensitive in vitro agar overlay cyto-
toxicity assay for elastomers using human epithelial cells.
Presented at the 31st annual meeting of the Tissue Culture
Association, June 1-5 1980, St. Louis, Missouri.
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initial studies to determine the optimum method for assessing
acute cytotoxicity of test materials include the evaluation of
shale-derived JP-4, petroleum-derived JP-4, and other standard
organic compounds including chlorobenzene, phenyl ether, benzene,
aniline, and ethylbenzene, representing various chemical classes.
Due to its recovery ability, XAD-7 resin was used in the sampling
probes. Therefore, this material was also used to evaluate the
direct applicatioui of petroleum-derived JP-4 and XAD-7 to the
acute toxicity test system. The procedure consisted of adding
known amounts of the organic materials to known amounts of the
r•ein.

In order to treat the mammalian cell test system with five in-
creasilig doses of the test material absorbed to the resin, various
weights of tht resin were used. The resin particulates were added
directly to the CHO test and ECho (effective concentration for 50%
coll ourvival) was determined. Table 4 is a tabulation of the
cytotoxicity test data for petroleum-derived JP-4 on XAD-7 and
bLank XAD-7 resin. Additionally, data on seven organic compounds
added directly to the CHO clonal assay; i.e., not adsorbed to XAD-7,
are aluo tabulated. This test demonstrated that acute cytotoxicity
of absorbed J11-4 can be assessed directly on XAD-7 resin without
desorb!ing it; how, ever, these data indicate lower toxicity by nearly
an ordor of magnitude. Thus, when incorporating the toxicity test
with the ecosystem, it would be prudent to desorb the sample with
an oLgartic solveiit before adding to the cytotoxicity test system.

[
2.3,2.2 Mammalian Cell Clona] Aissay

The methodology chosen to determine the bioactivity of poten-
tia)ly toxic materials is the mammalian cell clonal assay
tachnique [16. This test is a rapid (<1 week) in vitro assay

TABLE 4. ACUTE CYTOTOXICITY DATA FOR
STANDARD ORGANIC TEST MATERIAL

Compound ECfo, pL/mL Range tested, pL/mL

blank XAL-7 No toxicity 2.49 - 12.45
31,-4 tanR 35 on XADa

(petioleum-derived) 9 2.49 - 12.45
JP-4 tank 15 (neat)

(petroleum-derived) 0.2 0.1 - 10
JP-4 (shale-derived) 0.2 0.1 - 10
Anui line 0.7 0.2 - 100
beuizelle 1.0 0.2 - 100
Chlorobenzane 0.5 0.2 - 100
I'Heny] ether 0.6 0.2 - 100
Ethylbenzene 0.2 0.2 - 100

aJP- 4 tank l5 was adsorbed on XAD-7 resin which was added
directly to the CHO agar overlay system.
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which used mammalian cells, both hamster (CHO-Ki) and human
(D98S). The CHO cell line is nearly an ideal cell line because
of its high cloning efficiency (95%) and excellent colony-forming
properties; i.e., it forms tightly packed cells in discrete, eas-
ily distinguished colonies that can be counted automatically.
The cell line exhibits continuous cell line growth properties, is
highly sensitive to toxic materials (e.g., 50% survival of formed
colonies IECs,] at a concentration of 0.2 pg per mL of cadmium
chloride) and shows toxicity correlation with in vivo test sys-
tems. The CHO clonal cytotoxicity test system has been validated
by the analysis of many organic compounds, environmental samples,
netal salts and known positive standard 18-111. The CHO clonal
method described here uses a colony counting end point. Results
are rapidly quantified with an automated colony counter, and data
are reduced via a computer program.

Cytotoxicity assays were performed on shale- and petroleum-derived
IF-4, and model JE-5, using both CHO cells and D98S cells. This
wa-s a direct test of the compounds without sample absorption on
XAD-7 or desorption with a solvent. The concentrations used are
shvn in Appendix A, Tables A-1 and A-2. Table A-1 shows proc-
essed acute cytoxicity data obtained from the computer for JP-4
(shale) using CHO-KI cells; Table A-2 gives data from D985 cells.
Fa•ure A-1 in Appendix A is a graph comparing cytotoxicity curves
of shale- and petroleum-derived JP-4 and model JP-5 as concentra-
tion of material added to the growth medium versus the percent
colony formation. Both cell types are represented, CHO-KI and
D98S. The D98S cells were most sensitive to this sample. There
was little difference between sensitivity of the CHO (hamster)
cells versus the D98S (human) to the JP-4 whether derived from
petroleum or shale. in all cases, the relative toxicity (effective

181 Wininger, M. T., Kulik, F. A., and Ross, W. D. In vitro

clonal cytotoxicity assay using Chinese hamster ovary cells
(CHO-Kl) for testing environmental chemicals (abstract).
In Vitro. 14:381, 1978.

19] Wininger, M. T., Hare, R. J., Brautigam, G. F., Hill, J. T.,
Wilson, J. D., and Ross, W. D. Determination of acute cyto-
toxicity of elemental phosphorus (P 4 ) by in vitro clonal
assay using Chinese hamster ovary cells (CHO-KI) (abstract)
In Vitro. 15:199, 1979.

110] Wininger, M. T., Kulik, F. A., and Ross, W. D. Short-term
toxicity testing of chemicals using cultured animal cells.Ohio Journal of Science. 79:70, 1979.

Ill] Campbell, J. A., Garrett, N. E., Huisingh, J. L., and
Waters, M. D. Cellular toxicity of liquid effluents from
textile mills. Presented at the Textile Industry Technology
Symposium. Williamsburg, Virginia, December 1978.
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concentration for 50% survival, EC50 ) was in the low range by EPA
toxicity criteria [12). Table A-3 illustrates the relative cyto-
toxicities determined by clonal assay of the jet fuels tested canbe readily compared to other toxic compounds.

2.3.2.3 Results

The relative cytotoxicities of shale-derived JP-4, petroleum-
derived JP-4, and model JP-5 are all rated low by the mammalian
cell clonal assay; i.e., JP-4 at 2.2 x 10-4 g/mL, model JP-5 at
1.4 x 10-4 g/mL.

2.3.3 Microbial Mutagenicity Testing

The potential mutagenicity of the test material products has been
assessed with the Ames microbial test system [13].
2.3.3.1 Procedure

Testing of JP-4 in the Ames test involved a spot test, a toxicity
test, and a plate incorporation test. A number of spot tests were
run on a sample of JP-4. JP-4 was spotted onto a filter paper
disk on the surface of agar. Tests were run with rat microsomal
activation (S-9), with mouse activation, and without activation at i
25 pL/plate in 4 strains of Salmonella typhimurium, TA98, TAI00,
TA1535, and TA1537. Based on colony counts athe spot test showed
no apparent mutagenicity but some toxicity. A toxicity test was
then performed to determine a range to test the sample in the plate
incorporation test. The sample was diluted in ethanol to dosing
concentrations of 10, 3, 1, 0.2, 0.04, and 0.01 pL/plate. Strain
TAI00 with and without rat microsomal activation was used for this
test. The components were added to the top agar and poured over
the surface of a minimal agar plate.

No toxicity was evident. As a result of the negative toxicity
data, the plate incorporation test was run at the same concentra-
tion as the toxicity test. Four strains, TA98, TAI00, TA1535, and

aIt is not unusual to have a negative spot test and a positive

plate incorporation test.

[12] IERL-RTP Procedures manual: Level 1 environmental assessment
biological tests. Research Triangle Park, NC; U.S. Environ-
mental Protection Agency; September 1980. p. 62. Contract
No. 68-02-2681.

(13] Ames, B. N., McCann, J., and Yamasaki, E. Methods for detect-
ing carcinogens and mutagens with the Salmonella/mammalian-
microsome mutagenicity test. Mutation Research. 31:347-364.
1975.
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TA1537, with and without rat microsomal activation were run. All
plates were counted.

2.3.3.2 Results

Significant (p = 0.01) results from the computer analysis (see
Appendix A) include:

TA9S with S-9 having one value significantly greater
than controls (p = 0.01) and a dose response
significant (p = 0.01)

TAI00 with S-9 having one value significantly greater
than controls and a dose response not significant

TA1537 without S-9 having one value significantly greater
than controls and a dose response significant

These three strains were retested at concentrations clustering
around the significant value. An additional retest of TA1535
w¢th S-9 at original concentrations was performed because solvent
(etrhanol) controls on the original test were outside the range
acceptatle in our laboratory. This retest showed no values sig-
nificantly greater than control values.

The other retests showed:

TA9& with S-9: 3 values significantly greater than
controls and a significant dose response. This
meets our established criteria for a positive
response.

TA100 with S-9: no values significantly greater than
controls and a dose response not significant, I,
considered to be a negative response.

TA153'7 without S-9: toxicity occurred at 2 out of 3 doses
tested, so not enough data were available for com-
puter analysis. Normally, this would again be
retested, had not one strain (TA98) already
shown a positive response.

2.3.4 Microarthropod Toxicity Testing

Large numbers of small subsurface animals exist in soils, espe-
cially in the soil horizons that contain higher levels of natural
organic material (i.e., the A and B soil horizons). The majority
of all living animals in the soil are arthropods, and t high pro-
portion of soil biota is made up of representatives of this phylum.
The most important soil arthropods are termites, beetles, ants,
flies, myriapods, springtails, and mites. These small animals can
be use'd to indicate changes in the soil ecosystem brought about by
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foreign chemicals. For this study, soil arthropods were selected
for observation as indicators of the effects of chemicals on soil
biota. Initial experiments also included soil nematodes [14].

2.3.4.1 Procedure

A relatively !smple system used to isolate these soil micro-
arthropods and obtain population counts is described by Pramer
and Schmidt [14]. A lightbulb is used to dry the soil sample.
This causes the living arthropods to migrate downward with the
moisture until they drop through a screen supporting the soil
sample and into a collecting reservoir. (See Figure 15).

A,..
C

%S

KLUM PWNU POP W7AACTIM AM.
ThAR"Lls MAOM SOIL AND 16flTLS A,
hp, 1, 0. . Is,,,,-,a ,,, C, ,no[

Figure 15. Berlese funnel for extracting arthropods
from soil and litter.

Cores used for the microarthropod toxicity testing were obtained
in two fashions. The first ten cores (identified as a-j in
Table 5) were obtained with a bulb digger. The weight of each
core was taken immediately after removal from the soil and is in-
dicated as "wet weight" in Table 5. These cores were not dosed
with any compound and were used for the development of a popula-
tion history. The second batch of ten cores (identified as k-t

114] Pramer, D., and Schmidt, E. L. Exercise 6 - arthropods.
In: Experimental soil microbiology. Minneapolis, Burgess
Publishing Company, 1964, 18-19.
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TABLE 5. COMFARISON OF TOTAL NUMBER OF LIVING MICROARTHROPODS
IN CORES DOSED WITH MODEL JP-5 AND CONTROL CORES

Undcsed cores Dosed cores Undosed cores Dosed cores

Wet Total Dry Total Dry Total Dry Total
ID weight, g counts ID weight, g counts ID weight, g counts ID weight, g counts

a 271 87 k 214 1 u 255 71 z 311 6a
b 282 56 1 187 v 270 124 a& 250 6
c 266 56 m 186 0 w 308 87 bb 297 6a
d 241 50 n 197 24 x 252 133 cc 248 1 3 a
e 245 Sc o 186 1 y 198 107 dd 218 1
f 236 36 p 202 0
g 27C 53 q 240 0
h 284 34 r 211d 0d

251 61 d
217 23 t 188 I

aSeveral macroarthropods' exoskeletons appeared soft.

bAll m.croarthropods' exoskeletons appeared soft as would appear after ecdysis.

CIrntegrity of the core was destroyed in transfer to the extraction apparatus.

dxCould rot remove core.

Note. Dashes ii)dicate data not available.

in Tahle 5) were obtained with a small polyvinyl chloride tube,
7.5 cm in diameter. The soil was removed intact by first tapping
the tube into the ground with a sledge hammer and then pull.ing the
core upward while moving it from side to side. The cores were
dosed in the laboratory with 2.4 mL of model JP-5 and extracted by
the method described previously. Population counts were made on
the 14th day after dosing. The weight of the cores, in these and
all others to be mentioned, was taken after the extraction and is
termed "dry weight." The change from wet weight to dry weight
ameasurements was made in order to better quantify counts/soil
weight and eliminate a possible step in which population count
errors could occur. The third group of ten cores (identified as
v-dd in Table 5) were obtained by the coring method described
above. Half of the cores were dosed with 1.2 mL of model JP-5,
and half were not dosed. These cores were sacrificed at various
intervals. Cores u, v, z, and aa were sacrificed a week after
dosing. During the second week after dosing, Cores w, x, bb, and
cc were extracted. The final extraction occurred three weeks
after dosing; and Cores y and dd were used at that time.

2.3.4.2 Results

There is a significant difference between the population counts
of the dosed and undosed cores in all cases. The majority of the
dosed cores show toxicity as indicated by the low population counts.
In the few exceptions where the population counts were high for the
dosed cores appearance of the microarthropod was altered. The
change noticed was that the exoskeleton, normally a hard chitinous
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material, was soft in these cases. The appearance of the soft
exoskeleton resembles that of an arthropod after ecdysis (molting).
These soil samples were obtained in the late fall. This is not a
normal time for arthropods to molt. The most critical time for an
insect's survival is during the molting process. An unscheduled
molting for instance, Pt the onset of winter, would most likely be
detrimental. Thus, if the fuel has the capability of altering the
ecdysis process, it would have an indirect toxic effect on the
arthropods. Further studies would be needed to assess model JP-5's
effects on ecdysis.

2.3.5 Biodegradation of Model JP-5 Jet Fuel

An assessment of degradation of jet fuels by soil microbes was
performed in culture flasks in order to determine the role of
biota versus chemical and physical degradation in soil ecosystems.
Model JP-5 jet fuel was used as a standard hydrocarbon mixture.
Changes in known compounds and component quantities as a result
of the microbial deqradation were assessed by gas chromatographic
techniques.

2.3.5.1 Procedure

Soil inoculum was prepared from 500 g of local soil and 1 L of
chlorine-free, autoclaved tap water. The soil-water mixture was
shaken and then permitted to stand until particles settled. The
water was filtered through glass wool. Two tenths milliliter of
this inoculum was added to 500 mL of basal medium in growth flasks.
A standard sample of n-dodecylbenzene sulfonate sodium salt (DBSS)
(Pfaltz and Bauer) at a concentration of 40.3 mg/mL was prepared.
This is equivalent to 12.5 mg of carbon per 500 mL of medium.
Standard DBSS (0.5 mL) and 0.2 mL of soil microbial inoculum were
added to a growth flask (Flask A) containing 500 mL of basal medium.
Model JP-5 (16.25 pL) was then added to 500 mL of basal medium,
along with 0.2 mL of inoculum, ir. another growth flask (Flask B).
Model JP-5 (130 pL) was added to a third flask (Flask C) containing
0.2 mL inoculum and 500 mL basal medium. Four adaptive transfers
were made at two-day intervals; 1 mL of the contents of Flasks A,
B, and C were transferred to 500 mL of fresh basal medium contain-
ing the same amounts of carbon sources as in the original flasks.
A control (Flask D) was carried through with the positive carbon
flasks.

Yeast extract was added to all growth flasks as a supplemental
growth factor (I mL/flask of 15 mg/100 mL). Table B-1 in Appen-
dix B summarizes the experimental regimen. On the designated
transfer days, all growth flasks were shaken vigorously by hand.
Three milliliters of the contents of flasks A,, A2 , A3 and D were
analyzed colorimetrically for DBSS content. Ten milliliters of
the B and C series were extracted with 5 mL pentane in preparation
for gas chromatography of model JP-5 (see chromatograms in Figures
B-I through B-8 and Table B-1).
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2.3.5.2 Analytical Method

Al each sampling time, 0.1 mL of each biodegradation culture was
cultured on nutrient agar by adding it to the agar surface and
streaking in three directions. The culture dishes were incubated
at 37c'C for 24 to 48 hours and then observed for relative amounts
of colony growth and types of colonies.

San-ling, extraction, and analysis were performed sequentially
ovvi a 25-day period to analyze for indications of microbial deg-
iadatioc,, of the 14 components of our model JP-5 listed in Table B-2,
Apenc-. a . The extraction procedure involved shaking 10 mL of
t.•-:•uu. from each fermentation flask with 5 mL of pentane. A 2-pL
..:Itcr. of this extract was analyzed by gas chromatography. The
.-•u-elcTc of chromatograms obtained, including the chromatogram of
£ti•ni1 31-5, is shown in Figures B-1 through B-S.

1,(e F, and E.. series are duplicate studies of 16.25 pL model JP-5
a:-i tc $20 mL of basal medium; C1 and C2 are duplicate studies
c• >{• •L of model JP-5 added to 500 mL of basal medium.

7.2,C. i. Ccular Profiling

',I.- chronatograns reproduced in Appendix B show progressive, but
ta:v:a tmnees ve:y subtle, changes in the components of the model

S-. V Wj,eze vely similar and complex sets of data are to be com-
li,,ied and such subtle differences noted, an optional plotting
technique called circular profiling can aid in amplifying the dif-
ft.-ences. One data set, the C, series of the degradation study,
was plotted using computerized circular profiling techniques 115$.

°'fe ciicular plots of the chromatograms are produced by entering
Jete•ltioj times which relate these data to a scale factor selected
tcý txaa•imze the use of 360 degrees in a circular plot area. In
cjide: tc. maintain a consistent scale for comparison of the sequence
of gw: chronmatograms, a factor of 4 was used as a scale factor

ai~ce none of the retention times exceeded 90 minutes. The chro-
matogvetas illustrate the changes in the volatile components of

.-5 caused by microbial degradation. The corresponding peak
ahia was plotted linearly along the radii emanating from the cen-
t(e of the circle at the appropriate number of degrees dictated by
the retention times. To maximize the use of the plot area, the
area percent data were normalized to the area percent value of the
laigest. peak in any particular data set, then multiplied by the
jadius of the plot area. The distinctive pattern is produced by a

1153 Hoss, W. D., Hillan, W. J., Flayler, K. A., Pustinger, J. V.,
Brooks, J. J., and Eisentraut, K. J. Use of circular profiling
techniqueb ii, gas chromatography. Journal of Chromatographic
Science. 15:461, 1977.
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line originating at the center of the circle, the origin, passing
through each of the data points and finally returning to the origin.

Figures B-9 and B-10 in Appendix B illustrate the circular profiles
with matching gas chromatograms for model JP-5 inoculated with soil
microorganisms during the biodegradation investigations. The cir-
cular profiles readily attract attention to subtle changes in the
gas chromatograms as the components change with time. This is
especially true of the standard profile, day zero, day three and
day five biodegradation curve (see Figure B-9).

2.3.5.4 Results

Major changes in the components of the model JP-5 took place in the
25 days of experimentation with concomitant increases in microbial
growth curves. Peak height ratios changed, peak heights were
reduced, and extraneous peaks appeared and disappeared with tinre.
Ultimately, total peak areas were reduced dramatically. Microbial
degradation appeared to play a lead role in these changes. This
study has provided hydrocarbon transformation data obtained by
isolating the effects of soil microbes in reaction flasks. Sirmilar
transformations of the hydrocarbons will be assessed in the soil
ecosystem as the hydrocarbon, compounds are transported through
the soil.

2.4 ANALYTICAL METHODOLOGY

The two jet engine fuels used to evaluate the test procedures and
to develop the terrestrial ecosystems were shale-derived JP-4, and
a model JP-5 fuel that normally would contain equimolar amounts of
16 known compounds found in JP-5 fuel (see Table B-2). Two com-
ponents cis and trans-decalin, were unavailable at the time the
standard JP-5 was made, therefore, our model contained only 14
components. A similar model test mixture is also used by arnothex
contractor to study sorption of Air Force fuels by sediment. The
Air Force interest is in determining the fate of these jet. fuolb
in soil systems.

These mixtures of known hydrocarbon compounds can readily be gaG
chromatographed (see Figures 16, 17, and 18). Hence, the sample
can be easily traced by gas chromatographic analyses as it pro-
gresses through the soil ecosystem.

2.4.1 Vertical Migration of Shale Derived JP-4 in Core Ec2.itVIn

Test Core 10 was treated with 10 mL of shale-derived JF-4 by ap-
plying the fuel directly to the soil surface to mimic a spill of
the material on a land surface. The 10-mL application ij eyuiv-
alent to a spill of 1.27 L/m 2 . A biweekly application of 100 mL
water was also used to simulate an equivalent of '-13 inches of
rain per year estimated to mimic the amount of rainwater whicii
would Penetrate the soil in the Dayton, Ohio, area.
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2.4.1.1 Results

n-Pentadecane and n-heptane are transported to a depth of 50 cm
(bottom position in core). The boiling points of these two com-
pounds vary the most of all the components in JP-4. Thus, trans-
portation depth does not appear to be a phenomenon related to
volatility. In addition, n-pentadecane and n-heptane were present.
in the soil for longer times than other compounds detected. n-
Decane, n-undecane, n-tridecane, and n-tetradecane were only trans-
ported to a depth of 10 cm, and after 134 days into the experiment,
they were no longer detected in the soil. n-Octane and n-nonane
were not present at any depth, and it is concluded that neither
is readily moved through the soil.

Nine hydrocarbons were identified in the JP-4 fuel and were fol-
lowed throughout the experiment. The hydrocarbons are listed in
Figure C-1i in Appendix C.

The quantities of specific hydrocarbon compounds and their resi-
dence time at each test depth (positions) in the soil core through-
out the experiment time, is an assessment of the fate of components
(or degradation products) of the jet fuels. Figures C-i through
C-10 in Appendix C are those chromatograms in which one or more of
the hydrocarbons of interest was detected. Sampling Position 3 was
the only position that did not show any hydrocarbons (as summarized
in Appendix C, Table C-1). Figure C-i1 in Appendix C indicates
which of the hydrocarbons was detected, when, and where.

2.4.2 Movement of Model JP-5 in Indoor Core Ecosystem as Analyzed
by Gas Chromatography

2.4.2.1 Description and Purpose

Cores 12 and 13 were used to (1) test the fate of model JP-5 in a
soil core, and (2) compare field and laboratory data. Both core
systems have five laterally located probes and a bottom outlet for
sampling. Core 12 has probes located 6 cm apart on the horizontal
axis and 10 cm apart vertically. The resulting effect in a -spral
design. The positions are identified as I through 5 and bottom,
the uppermost position being 1. Model JP-5 was tested in the
laboratory in this core.

2.4.2.2 Procedure

Core 12 was dosed with 10 mL of model JP-5. A biweekly applica-
tion of 100 mL of water was also used to simulate rainfall. Each
sampling position, containing XAD-7 resin, was extracted with pen-
tane as described in Section 2.4.1. Two microliters of the pentane
extractions were analyzed by gas chromatography. Those chromato-
grams showing any of the 14 hydrocarbons present in our model JP-5
are presented in Figures D-1 through D-13 in Appendix D. Table U-1
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in Appendix D summarizes when and where hydrocarbons are present

and the number of different hydrocarbons detected.

2.4.2.3 Results

All the 14 hydrocarbons plesent in the model JP-5 were detected
within the top 10 cm of the soil core. Six components, 1,3,5-
trimethvlbenzene, undecane, 1,2,4,5-tetramethylbenzene, 1,2,3,4-
tetramethvlbenzene, tetralin, and n-pentadecane, were transported
to a 20-cm depth. Below the 20-cm depth only one component,
1,3,5-trimethylbenzene, was detected. This was detected at 50 cm
on two separate occasions. Figure D-14, Appendix D, represents
the above transport phenomenon which occurred in the laboratory
core dosed with model JP-5.

2.4.3 Movement of Model JP-5 in Outdoor Core Ecosystem as
Analyzed by Gas Chromatography

2.4.3.1 Description and Procedure

The outdoor ecosystem, Core 13, was subjected to the same test
procedure as Core 12 with one exception; the core was not watered
biweekly. Instead, it was exposed to natural rainfall and other
weather-related conditions. As with Core 12, Core 13 had five
side ports and one bottom port. The side ports, however, were not
positioned in a spiral fashion as in Core 12. The probes were set
in a straight vertical line 10 cm apart. This was necessary for
accessability to the sampling probes from underground. The under-
ground structure built for this field experiment allowed an indi-
vidual to descend approximately six feet into the ground. The
ground was held in place by wood panels on three sides. The
fourth side was a stairway for passage. Adjacent to one side of
the structure a hole was dug in the ground. The hole was big
enough for the placement of the core ecosystem. The core ports
were directed toward the wood panel. Holes were drilled through
the panels to align with each port of the core. Teflon® tubing
was used to attach the core probes to French squares located in-
side the underground structure. Following the same procedure de-
scribed in Section 2.4.2.2, extracts were analyzed by gas chroma-
tography. Those chromatograms indicating presence of one or more
hydrocarbons are shown in Appendix E, Figures E-1 through E-21,
and summarized in Appendix E, Table E-1.

2.4.3.2 Results

Appendix E, Figure E-22, charts the components of model JP-5 as
they are transported through the outdoor core. The majority of
the components were detected at a depth of 30 cm. Those compo-
nents that were not detected at that depth are n-decane, undecane,
dodecane, and n-tridecane. Of those four, n-tridecane and dodecane
were not detected at any depth during the experiment. No hydro-
carbons were transported below 30 cm. Comparing the fate of model
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JP-5 in the laboratory core to the field core, the following sim-
ilarities and differences were noted:

(1) XAD-7 resin in both cores proved to be a useful tool
for the recovery of hydrocarbons in the ecosystems.

(2) The distance at which model JP-5 is transported in the
indoor core is slightly greater (by 20 cm) than the
outdoor core.

(3) The length of time over which components are detected
in greater in the outdoor core than the indoor core.

(4) The selective transport of individual components as a
function of time and depth varies.

The diffeiences noted are minor in respect to the complexity of
the system used. Differences in the degree of material movement
can be theorized from channeling as a result of biota activity or
water transport. However, the quantity of water leachate gener-
ated at a particular depth does not directly correlate with the
hydrocarbon detection at that depth. Differences in the duration
a component is detected in the soil column might be attributable
to weather conditions, such as freezing temperatures.

p.4.4 Movement of Modcl JP-5 in Five 7.5 Centimeter Liameter
Coreu asAilyzd by G as cr6mtfigraphy -

A study wan conducted for the assessment of severcd replicate core
systems. The five cores used in this study were obtained in a
polyvinyl chloride tube approximately 30 cm long and 7.5 cm in
diameter. A 20-cm intact soil core was removed by the method de-
scribed in Section 2.3.4.1. Each core was set up in the labora-
tory on a glaus funnel with a stainless steel screen at the bottom
end of the core, The stem of the funnel was connected to an adapter
via a Teflonk tube; the adapter in turn screwed on to a French 7
squnre bottle used for leachate collection. Each core was dosed
with 6.5 mL of model JP-5 initially and wiAth 6.5 mL water biweekly.
XAD-7 wau umed to adsorb hydrocarbons as in previous studies. The
rosin in these cores was placed in the adapter. Prior to watering,
the resin was removed and extracted with 5 mL of pentane. Two micro-
3iters of the pentane extract was injected into the gas chromato-
graph. Of the five dosed cores, two showed traces of hydrocarbons
(see Appendix F, Figures F-i through F-3).

2.4.5 flead~pace Analysis of Shale-btrived JP-4 Dosed Cores

Feamibility experiments were performed for the analysis of vola-

tiles In the headspace of dosed cores ry gas chromatography. With
the une uf u 9a& ayringe, an injection was made using the headspace
gas from, a can containing shale-derived JP-4. A subutantial. number
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of peaks were present on the chromatogram (see Appendix G, Figure
G-1). Following positive results, injections involving the headspace
of the core dosed with JP-4 (core 10) were performed. At seven
days after dosing, 20 mL of gas was removed through the Teflon(ý
septum (described in Section 2.1). As shown in Figure G-2, the
chromatograph of this injection indicated few components in head-
space; hence, little volatilization of jet fuel. After analyzing
the previous results, a leak-tight syringe was substituted for
the gas syringe. A chromatogram of a 10-mL injection of headgas
removed by the leak-tight syringe is presented in Appendix G,
Figure G-3.

Additional studies involved the use of a passive dosimeter for
concentration of volatiles in the headspace. The passive dosim-
eter's design is based on diffusion principles and employs porous
polymers as the sorbent element. This dosimeter has multi-organic
vapor recovery capability and exhibits a sufficiently high collec-
tion rate to ensure monitoring at the ppb level.

Easically, the dosimeter consists of a stainless steel body 3.8 cm
in diameter and 1.1 cm high. The internal diameter of the body is
3.5 cm with the exception of the central portion which is reduced
to 3.0 cm 1.D., to provide a precisely defined containment volume
for the porous polymer. Stainless steel screens and perforated
plates are stamped out with an appropriate dye and serve to con-
fine the polymer within the dosimeter body and provide a diffusion V
barrier. Teflon- caps isolate the dosimeter from sample when not
in use. The top cap is removed during sampling mode. Loading and
assembly of the unit can be achieved within 2-3 minutes. The
loaded dosimeter weighs approximately 36 g with a charge of -0.4 g
of Tenax GC polymer [16].

A passive dosimeter was suspended inside the core for several days
alter which it was removed for analysis. Although thermal desorp-
tion is normally used with the passive dosimeter, solvent extrac-
tion was used in these studies. Five milliliters of pentane was
used to extract the hydrocarbons from the resin. One microliter of
this extract was injected into the gas chromatograph. The result-
ing chromatogram is presented in Appendix G, Figure G-4.

2.4.5.1 Results

The passive dosimeter was chosen over a leak-tight syringe for
monitoring headspace gases for two reasons. First, samples didnot have to be analyzed immediately, which would have required

116] Wooten, G. W., and Strobel, J. E. Development of passive
personal monitors for assessment of human exposure to toxic
Pollutants from energy sources. Quarterly Report No. 3,
EPA Contract 68-02-3469. p. 2. August 1961.
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that a gas chromatograph be immediately available each time a sam-
ple was taken. Second, the passive dosimeter concentrated the vol-
atile hydrocarbons providing a more sensitive sampling technique.

2.4.6 Headspace Analysis of Model JP-5 Dosed Core by Gas
Chromatography

Headspace analyses were performed on Cores 11 (control core) and
12 (JP-5-dosed laboratory core). Hydrocarbons were concentrated
through the use of a passive dosimeter. several resins and sol-
vents were tested. Initial experiments involved the use of Tenax
resin. Figures G-5 through G-9 in Appendix G are chromatograms
resulting from those tests. Two solvents, pentane and methanul,
were evaluated in the extraction procedures for separating the hy-
drocarbons from the resin. For each extraction, 5 mL of the sol-
vent was used and 2 pL of the solvent extract was injected into
the gas chromatograph. Both solvents were capable of extracting
out the hydrocarbons. The other resin tested in the passive
dosimeter mode was XAD-7. Again, with the use of pentane, hydro-
carbons were recovered. Those chromatograms are presented in
Figures G-10 through G-17 in Appendix G.
2.4.6.1 Results

Both of the solvents (pentane and methanol) and the resins (Tenax
and XAD-7) proved to be acceptable for the use in headspace moni-
toring in core ecosystems. The resin and solvent chosen for this
ecosystem study was XAD-7 and pentane, respectively. The deci-
sion was based on consistency with previous ecosystem work using
that resin and solvent.

The passive dosimeter used with the control core picked up small
amounts of hydrocarbons from the dosed core, even though the two
cores were 30 cm (1 ft) apart.

2.4.7 Leachate Recovery in Core Ecosystems

A biweekly application of 100 mL of water was used to simulate an
equivalent of -13 inches of rain per year in cores 9, 10, 11 and
12. This volume of rainfall was selected by assuming about one-
third of a 40-inch rainfall per year (western Ohio average rain-
fall) percolates into the soil while two-thirds evaporates or runs
off. Core 13 was also watered with 100 mL of water biweekly while
in the laboratory. Once equilibrium conditions were established,
the core was moved outside, as described in Section 2.4.3.1. The
tQp cap was removed from the core exposing the column to natural
conditions. Thereafter, no further water was added. Similarly,
no rainfall was simulated in field Core 14. All water incorpor-
ated into the system was the result of environmental conditions.

Leachates were recovered in French square bottles attached to the
sampling probes by Teflon® tubing and volumes measured. The
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]eachate eluting from the bottom was also collected and measured.
Appendix H, Tables H-i through H-6, show the amounts of leachate
recovered fror probes and the bottom position of those ecosystems
tested.

2.4.7.1 Results

The depth at which the water leachate flowed and its quantity
varied from core to core. Within the same core there was also
variaton from week to week, although the extent of variation was
not as pronounced. These variations are explained by channeling
effects caused by biota and/or physical stresses. Additionally,
the quantity and depth of water leachate show no direct correla-
tion with the quantities and depths of hydrocarbon transport.

2.4.8 ydrazine Movement in Core Ecosystem

Because of highly reactive nature, hydrazine has been used in jet
fuels as a source of energy. An effort was made to evaluate the
late of hydrazine in a field soil core ecosystem. Ten milliliters
of 70' hydrazine was prepared and applied on day 113 to Core J4.
Hv.aaziihe was tested in the water leachate using HydraVei I1(1
stabilizer and a colorimetric color disc. The test measured hydra-
zine from 0-1 mg/'L. On day 140, the fourth position containing
water leachate was analyzed for hydrazine. None was detected.
On dav 156 leachate from positions 2, 4 and the bottom were ana-
lyzed for hydrazine. Again, no hydrazine was detected. The fate
of hydrazine in the core system is inconclusive in these studies.
Netabolites and derivatives of hydrazine would not be detected
with the test method employed and the possible reactivity of hydra-
zine with oxygen in the French square headspace could cause
misleading data.

aHach-formulated stable reagent.
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APPENDIX A

CYTQTOXICITY AND MUTAGENICITY DATA ON JET FUELS
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II
TABLE A-1. CYTOTOXICITY VATA FOR SHALE 3JV-4

OBTAINED WITH C140-Ki CELLS

CYIO7QXICZTT 007A fOR INALC 0-403R361S) 9-19-11
CELL LINEI CNODiKI PA99 Agri

CONTRNOL
(DACIOGRUNIDl MAN STANDARD

VALVES iIALUI bvcIA7ION

910 498 to

$04

zoo

CON~CNThA'IODh ASLILAYC Al AM *AaRp ICN

(UL/MLP 4AL U( I 4ALUE DrVIAI1ON IUP;VIVAL
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TAbLE. A-2. CYTOTOXICITY DATA FOR SHALE JP-4

OBTAINED WITH D98S CELLS

C,10012:C11 DiATA FDA INALI JP-4 I£712A5 5-10-31

CELL LINL: P9OD 
PAPE Rari -

A: P-r. :.•• MEAN 3TAN.AUP,

VA. WrE , VALUE DEVIAT ION
M. . '[......... 

--........

.-ý 2?!1

2t'
279

biL

crop.:( .'C Il 1 I"E[LICA¶I MlEAN STANIPAKE" PECC NT

idv.,m.) VAA.UCS IVALUC DEVIATION 3UrVIVAL

0 
0

, 0

0

0 
i

.1 0 27 29 6

2P7 200 14 100
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COMPUTER ANALYSES OF AMES MUTAGENICITY ASSAY

SAMPLE ID: LOG * 80-5-13-292-JP4 AFOSR
STRAINS: 7A 98 TAO00 TA 1535 TA1537
TEST DATES: 6/26/80 6/26/90 6/26/80 6/26/80
DATA REF: 1734156 NBP# 1734156 NBP#1734156 NBP*1734156
S-9 REF: DAO06 @ 1OX
SOLVENT ETHANOL

WITH MICROSOMAL
ACTIVATION

REVERTANTS/PLATE
AMOUNT/PLATE(UL) TA 98 TA1 0 0  TA 1535 7A1537

10 117 89 81 158 153 149 19 22 14 12 42 44
3 34 47 44 120 119 128 33 23 20 33 18 14
1 28 45 44 118 106 115 34 17 23 12 5 14
- 27 35 30 186 145 138 17 27 27 2 10 7

.04 Z2 34 27 152 159 169 40 36 39 B 9 6

.01 43 34 15 188 163 170 29 41 30 5 7 11

CONTROLS

SOLVENT 44 39 38 133 149 148 45 32 3f 10 6 13
NEGATIVE 27 1Q• 23 17
POSITIVE 764 1642 357 112

WITH MICROSOMAL
ACTIVATION

T VALUES
AMOUNT/PLATE(UL) TA 98 TAIO TA 153F TA1537

10 *3.64094 1.06477 -3v49558 2.4861%'
3 .107181 -2.45043 -1.85571 1,7!769
1 -. 230812 -3.69202 -2.08395 .055039
.2 -1.1^47 1.23451 -2.20469 -1.275,
.04 -. 443608 1.71619 .394'058 -. 438835
.01 -1.5499 *2.97702 -,385919 -. 24381

*DENOTES A RESPONSE SIGNIFICANTLY DIFFERENT FROM CONTROLS
AT P`0.01 LEVEL
,1IECEES OF FREEDOM 14

aSolvent controls out of acceptable range. Requires retest.
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COMPUTER ANALYSES (continued)

F' E EYEPIANJC PER PLATE
1.: .. 81.

47, 44.
4-ý 44,

44 44 "41

Mt-b W 7 4N'.dF EvIA7ICN OF LrC'AFITHM' OF PLATE COUNT':
E LE.'C". MEAN. LC-:, STL- EV SAMPLE SIZE

1.4- *.4 x .3444

F T E~ LE.'E
H-.cL E~ II.: D1.rCr IFFERENCE AM:'.NCG TREATMENT VAP'IANCEs;

;-r I '-. r'lIFLt-tt WITH COUT RCQL (OINE-SIDEDl TEST)

~ E T I. vzE Pg;IF LEVEL

44
.1 C~E-<1 -1 *i 71 74E-O Ii

l:r'rr-MEN' ICNrFIC4!NTLV OY ' THAN4 CONTROL (P 6. 0100 1AP rC'TFEf4TMtr7ý(S SIGNtIFICANTLY SMALLEF THAN THE C:ONTROL AT 0.0100 LE'VEL

T~~tF7 FtT IS '. COPTAINIEt FROIM POOL ¶C THN1-" , l~4 ,'r0IWI TH 4 OICRtES OF FREEDOM

* r- , C. E LEVEL6 ANDJE 1 E$C!AIJSI
I ~'' 1A~/:'. C 130S1 LOG DOSE~ iAIri' rrIErF]IF:~ l*.' 0.66-70

R~ I '4 TAIi'Af-;C[' t'EVIC4TION 0. O1616

FrIýE-AF-ILITY LEVEL 0. c00o1
f,: :L#EF~iE. I$ SIC.NI F IC ANT AT 0ul.aLEVEL I

F-.4AEFqF LAW' -CIF-F ITI a 2. elk

FAP:'PAE:L:-ITy LEVEL 0. J72ý
LA4> -CiF-P IT 3¶ NO-T EXOýNIFICANT

N',t CUTLYINC, PCOFITS DETECTED IN RESIDUALS FROM LOC'-L00 MODEL

ItPITA' WITH Mir-RC'$.OMES.EIIESRTS

iTFE4TMENT7' APE 1lCtIFICANTLV GiREATER THAN THE CONTROL AT F' 0.()0

LC' &C5- :-- 2'2 JF'4

STPAJNItJ '14' WITH MICPrI$0MES REQiUIRES RETEST
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COMPUTER ANALYSES (continued)

L Co7 S.t"€.T- 1 -:4- 20 ' ,.F'4
TAIO' WITH MICROSOMES
ORIGINAL TEST

DOSE LEVEL FREVERTANTS. PER PLATE
1'. C>" 1 : 153.. 149.
* ..1)LII', tar.11•.1 •C,(,:'11 1:. 11 6 A :

.145. 138.
.40C'0'0E-01 52. 15, .
* IC'C ' CE-0-.l 163.
.0 1,3. 14•. 148.

:,S',-:-5- -- 2• : 'JP4
[ INA S ", WITH MICROSOME$

TjAFl' ICI-N&W TEST

MEA?'- AND STANE,AFt DEVIATIONS OF LOGARITHMS OF PLATE COUNTS
oi•.E LEVEL LOG MEAN LOCI c.1D DEV SAMPLE SIX
I['. C:'"' :'. 1S:•. , 1276.E-01 I.

I. ,c,:, 2.05 .2431E-01 35
.4 '"'"-:1 2. 204 .2311E-01 I
* 1': [-(I 2. -. 3164E-01 3

C 2.1 i. .2768E-01 3

E=tETT- TE-T FE':.ULTS
F F4(= 1.112
PRCO',ILITV LEVEL = .S565

THEF•E IZ NC, SION!FICANT DIFFERENCE AMONG TREATMENT VARIANCES

T ,-,, W'T H MIC'. ':,'iiME':. i
.IF IC!NA.. TEST

COMFARISCON OF TREATMENTS WITH CONTROL (ONE-SIDED TEST)

D:'-E LEVEL T VAL.UE FROB LEVEL
5.125

:1 -2. 45 . 1401E-01 *
I . ('(' -?. 6"- 2 . 120CS:E-02 *4

* 4 C,' E -('2 1• . 7 1 6. .540 'E-01* 1 :': ()E-'" 1 2. 77 .50iOE-02 e

N'.jMrF;: OF" TREATMENTS S:IGNIFICANTLY GREATER THAN CONTROL (P = 0.0100 ) t
NulEF C7 TREATMENTS: SIGNIFICANTLY SMALLER THAN CONTROL (P a 0.0100 C )
THE:.E TREATMENT-. WILL BE OMITTED FROM DOSE-RESPONSE ANALYSIS I)

ERRO., TEP'M FOR T TEST IS. OBTAINED FROM POOLED WITHIN
TREATMENTS VARIANCE OF .11707E-0:: WITH 14 DEGREES OF FREEDOM i

LOI: 8:l-.-I '-2c¶ ,,IF4 -TAl0C" WITH MI:R.:".OME-:.
ORIGINAL TEST
FASEE, ON 5, DOSE LEVELS. AN[' 15 OBSERVATIONS
LO,,, COU. T = 16>li + ( 07 0 LOG DOSE
CORRELATION C'OEFF C ItNT - .
RE'S.IDJIAL STANDARD DEVIATION a 0.0512
T VALUE v-2. 62ONE-SI'DED PR'OBAEILITY LEVEL = 0.5000E,,:,$E-RESPONSE IS NOT SIONIFICANT SINCE SLOPE IS NKOATIVE j

F-VALUE FOR LACIr-OF-FIT - 4.97
PROBABILITY LEVEL c 0.0231

LACIY-OF-FIT IS NOT SIGNIFICANT

NO OUTLYING POINTS DETECTED IN RESIDUALS FROM LOG-LOG MODEL

STRAIN TAIO0 WITH MICROSOMES REQUIRES RETEST i.

I TREATMENTS ARE SIGNIFICANTLY GREATER THAN THE CONTROL AT P = 0.0100

LOG 80-5-13-292 JP4

STRAIN TAI00 WITH MICROSOMES REQUIRES RETEST
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COMPUTER AINALYSES (continued)

1ay ,un L051000-330:92 JAll
VIA.l" REI: I LE,i~" NHW17'. 1 2'4159:,

S5" EE":I NC 10006

SOLVEN'£ N E -IAN 01.

TEST DATE 7,' 9
IPE TIV TE CWKl * o. 771
NEW3,TV] E CONTKOI.P 2("

4 !�; *.r . REiV .RI: 'I'ANTS/PLATE' 1-Vc:,' UiS

soT22 21.

13~lo 1 ,: 126 1 ,51. 14-• 3'7

:W1 105 107 1S 13.6

"39 43 37 4.378.

4. .... '.U C1Ni •]I-IIFIANTLY DIFFERENT FROM CONIROLU',

A7 -HE F 0.0 LE'. I
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COMPUTER ANALYSES (continued)

tO0r StLY-5,-13-2Q0• JP4
TA:,.? WJITH MICROSOMES.
RETES~T
A TREATMENTS• SIGNIFICANTLY GREATER THAN CONTROL ON INITIAL TEST
AND DOSE-RESPONSE WAS ALSO SIGNIFICANT

DOSCE LEVEL REVERTANTS PER PLATE
13.000 15". 126. 131.
10.000 105. 107. 150.
5.0000 3". 43. 37.
.0 2S. 22. 21.

LOC, S0-5-13-2€'2 JP4
TA':?:. WITH MI CROSOMES
RETEST
I TREATMENTS SIGNIFICANTLY GREATER THAN CONTROL ON INITIAL TEST
AND DOSE-RESPONSE WAS ALSO SIGNIFICANT

MEAN*- AND STANDARD CiEV ATIONC. OF LOgRITHMS OF PLATE COUNTS
DuE LEVEL LOj., MEAN LiG STD DEV SAMPLE SIZE
1 ,. C, 2.140 .5411E-01 3
16.660 2.071. .8716E-01 3
5. 0C. 1 •c, .3312E-01

1. 3171 .6707E-01

PARTLETTS TES.T RESULTS
F RATIO . 479"z
PFc+FEI- LITY LEVEL . 6.C176.

THERE IS NO SIGNIFICANT DIFFERENCE AMONG TREATMENT VARIANCES

LCO':" 5:-5- I 3:FC: .P4
TA--':.- WITH MICROSOMES
F:E TE 7
. "REA'rMENTS .IGNIFICANTLY GREATER THAN CONTROL ON INITIAL TEST
AND DO':.E-RE"N'.N-.E WAS AL--0 S IGNIFICANT

COMFARI$ON OF TREATMENTS WITH CONTROL (ONE-SIDED TEST)

D,:,.E LEVEL T VALUE PROE LEVEL
13. 00 14.S4 .2862E-06 ***
10. 0C, 1' :. 0.0 .5599E-06 *.
5. 000 4.379' .1176E-02 **

NU'CER OF TREATMENTS SIGNIFICANTLY GREATER THAN CONTROL (P a 0.0100 ) = 3
THERE ARE NO TREATMENTS SIGNIFICANTLY SMALLER THAN THE CONTROL AT 0.010C, LEVEL

ERR•C'P TERM FOR T TEST IS OBTAINED FROM POOLED WITHIN
TREATMENTS VARIANCE OF .40301E-02 WITH 8 DEGREES OF FREEDOM

• rj,, :05-:'-2'2 JP4
Az,: WI TH MIL:RO$OME=

FETE.T
I TREATMENTS. SIGNIFICANTLY GREATER THAN CONTROL ON INITIAL TEST
AN:, D:'SrE-RESFC'NSE WA,:. ALSO SIGNIFICANT
SE,:.E:, 6N 3 DOSE LEVELS AND 9 OBSERVATIONS
L,:,:, COUNT = .6534S3 + ( 1.3638 ) LOG DOSE
Cr.RRELATION COEFFICIENT =0.9660
RESIDUAL STANDARD DEVIATION " 0.37J
T VALUE .
ONE-S'.IDED PROBABILITY LEVEL * 0.0000
10'E-RESPONSE IS SIGNIFICANT AT 0.0100 LEVEL

F-VALUE FOR LACt'-OF-FIT , 3.47
PROBABILITY LEVEL U 0.1117

LACt-OF-FIT IS NOT SIGNIFICANT

NO OUTLYING POINTS DETECTED IN RESIDUALS FROM LOG-LOG MODEL

STRAIN TA9E: WITH MICROSOMES IS POSITIVE

4 TREATMENTS ARE SIGNIFICANTLY GREATER THAN THE CONTROL AT P = 0.0100
AND DOSE-RESPONSE IS SIGNIFICANT AT P - 0.0100

LOG 80-F-13-292 JP4

STRAIN TA98 WITH MICROSOMES IS POSITIVE

AMES TEST IS. COMPLETED . COMPOUND IS POSITIVE
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COMPUTER ANALYSES (continued)

rATA RLFENENNCE NJ'F-173415
9

5-R ErLRINCIL t'006 010',

SOLVENT FTN(ANOL

TEST h1A7L 7/g/fIC'

riý?1TJVE CCV47ROLF5 3447

SF-LAIL Rl. VflI,:ANT5/F'LAgTE.7 T IL UC F

CC 43 15; 1 144

136, 167 131 .339

IE6 164 .34.13U

A ,F7)K E'c;PI1F.)FANTLY EJIFEVVJT FROM CONI f'OL'

I HE V O.C: '',;

..- 1
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COMPUTER ANALYSES (continued)

LO" -'.-5-1 •-2°• .FJP4
TAI1,:" WITH MICROSOMES
RETE'.- 7
I 7REATMFNTi SIGNIFICAtJTLY OREATER THAN CONTROL ON INITIAL TEST
SLUT DOSE-RESPONSE WAS NOT SIONIFICANT

DOSE LEVEL REVERTANTS PER PLATE
.13(,OOE-O i 136.. 16. 134.
. IO0000'i-O i I3. 184. 155.

15I.. 152. 164.
.0 14S. 194. 144.

LO., 50-5- 1 ?-2•"F4
TAI,:':' WITH MICR•SOME"
RE'E*'.,T
I TREATMENTS SICNIFICANTLY GREATER THAN CONTROL ON INITIAL TEST
SUT DOSE-RESPONE'.E WAS NOT SIGNIFICANT

MEAN`� AND .STAND.ARD DEVIATION'S OF LOGARITHMS OF PLATE COUNTS
DO'.i.E LEVEL LOO MEAN LOG STD DEV SAMPLE SIZE

I 1 12':'1E-'I . 16*1 .5S44E-01 3
I I 0:'E-(:" I 2. 196 .6584E-01 3

'?154E-01• " -'."- : I4E-O1

S.;TLETT- TEST RESULTS
F R.TIO a .2771
F'R,:.''ILITY LEVEL - . .416

THERE IS NO SIGNIFICANT DIFFERENCE AMONG TREATMENT VARIANCES

LO- :0-- 3-Z': JF4
TAi :l)' W"ITH MI CROSOMES
RETE ":'.T
I TREATMENT'-. SIGNIFICANTLY GREATER THAN CONTROL ON INITIAL TEST
SUT [:'SE-RE$PON:E WA". NOT SIGNIFICANT

C:OMFARISON OF TREATMENTS WITH CONTROL (ONE-SIDED TEST)

tOS:E LEVEL T VALUE PROP LEVEL• .:O E- 1 -. • 93 -0 . I8 1c
SI OC'E-O1 -0IC45 .4253

* .5'0:n)E-0Q .2343 .3705

THERE ARE NO, TREATMENTS; SIGNIFICANTLY GREATER THAN THE CONTROL AT 0.0160 LEVEL
THERE ARE NO TREATMENTS SIGNIFICANTLY SMALLER THAN THE CONTROL AT 0.0100-6EVEL

ERR'O; TERM FOP T TEST IS, OBTAINED FROM POOLED WITHIN
TREATMENTS, VARIANCE OF .33902E-02 WITH 6 DEGREES OF FREEDOM

LOQG E.0-5-1 2-:`: ..IF'4
TA1I.)O WITH lI CRC'5ROME:.
RETES T
I TREATMENT". SIGNIFICANTLY GREATER THAN CONTROL ON INITIAL TEST
I IT rO"E-RESFON"E WAS NOT S•IGNIFICANT
A.SEDr ON 3 DOS:'E LEVELS AND 9 OBSERVATIONS

LOG COUNT = 1.9175 + ( -. 13359 ) LOG DOSE
CO:RRELAT ION COEFFICIENT = -0. 4683
RESIDUAL STANDARD DEVIATION = 0.0500
T VALUE = -1 .40
OINE-SIDED PROBABILITY LEVEL = 0.5000
DOSE-RES'ONSE IS NOT SIGNIFICANT SINCE SLOPE IS NEGATIVE

F-VALUE FOR LACK-OF-FIT = 0.23
PROBABILITY LEVEL = 0.6495

LArC -OF-FIT IS NOT SIGNIFICANT

NO OUTLYING POINTS DETECTED IN RESIDUALS FROM LOG-LOG MODEL

STRAIN TA100 WITH MICROSOMES IS NEGATIVE

LOG 80-5-13-292 JP4

STRAIN TAlO0 WITH MICROSOMES IS NEGATIVE
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COMPUTER ANALYSES (continued)

SA.•F'LF 111' LhOC * 80-5-13-292-JP4 AFOSR
$IkA]N." lA9E TAIQO0 .A 153 5 TA1537
TEUT i;,tEn: 6/2o,,80 6/26/80 6/26/80 6/26/80
IiA¾¢, REF: NBF'r1734156 NBF'*1734156 MPPF'1734156. NBFt1734J.5
s-c ' -r: NONF
SOLVL N1 ETHANOL 20UL

ITHOUT MlCkOSOM-)AL
ACT ]V.YTION!

REVERTANTS/PLATE

AMOUNT/F'LATE (LIE TA98 TAIO0 TA1535 TA1537

10 23 42 17 160 159 160 27 34 26 21 17 25
3 27 17 30 115 117 147 19 20 16 16 13 9
1 32 24 37 128 94 106 24 29 15 8 15 9
-: 27 19 12 146 108 95 26 18 19 13 6 5
.0, 17 24 18 126 113 100 31 25 24 5 14 5
.01 19 11 22•2 93 124 115 23 29 34 5 3 4

L"I ';!I F:l 0"

SOLUItf1 16 21 17 130 111 129 29 28 24 4 8 7
N[GAT I k. 161 41 11
ILUir; I' 964 767 479 543

Aý'lHOUT MICROSOMAL
A• T I VrT ON

T VALUES

0I0C,,,.'7 'F'L u U[ (UL) TA 9 8 TAIO0 TA1535 TA153",

30 1.35836 2.29802 .431903 *3#89205 1
3 1o13181 .178185 -2.48141 2.24289
1 2.06365 -1,11061 -1.32967 1.66181
.2 9.62859E-02 -. 638154 -1.67157 .585782
.04 .323254 -. 787294 -9.93526E-02 .471463

-,•79052 -. 995917 .322948 -1.39162

0 1',.NDIE A RESFONSE SIGNIFICANTLY DIFFERENT FROM CONTROLS
AT F 0.01 LEVEL
I'EGF.EV OF FREEDOM 14
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COMPUTER ANALYSES (continued)

L'RI.Y!N.....ITESOIR 1 A:,] •. TEFT

D.:'.F LFVELE IEVERTANTS. PER PLATE
,2. 17. 25..

-" "1:. . 5.

4 , -' 1- .. 14. 5.1 0:OE- 1. 3. 4.
4. e. 7.

TC " " lJ: TA-.:, .T MICRO'nCME'.=

C,' . ; N . TEE-^T

"A':. STANr.jK r. DEVIATIONS, OF LOrGA'ITHMS OF PLATE COUNTS
[,:!.E LEVE'L LI::,' MEAN LO'C, S.Tr ,EV .SAMPLE SIZE

.. ' 1. ?: . ;.: :.7E-01 3.,.v'I • i" Ž•12 5 3
4.:' . I..

. F-.:,:- , .5:'7. 11
.7;: •1-4

- TEST RE":-I1LT".
FL
FL ."- I IT, LEVEL e .£S.

T- I -- N: C.CNIFICAN, DIFFERENCE AMONG TREATMENT VARIANCES

TWI!' 'T ','..T7 MI,'R,.D.S,'ME'.
, " : -.- TE'T

.,.AIc.',N ,,F TF'EATMENTS WITH COINTROL (ONE-SIDED TEST)

. E T VALUE PRCF LEVEL1 .'' ,. : " .?:•12:'£-03 * *
S• ':" • 2. '€. :.2',-'.:E-Cu1 *

•4 ', '--- 1 .4"7'15 2 "

, ,- ,rr TF.E-P'rMENT$ .I.NIFICANTLY GREATER THAN CONTROL (p 0: .1(10)
T, E;;E AE N':. TREATMENTS SICNIFICANTLY SMALLER THAN THE CONTROL AT 0.0100 LEVEL

EC " 'i:,; T TEST IS. OBTAINED FROM POOLED WITHIN
T.E-.T•E7.T" VAF AN"E Or .2Id.1SE-01 WITH 14 DEGREES OF FREEDOM

,: ."IN'-.. TE'T
Bt-'E C" /. E[?'-:E LEVELS AND 15: OBSERVATIONS
L", ,.T = I . + ( .20:363 ) LOG DOSE
:.'>:-.:E TION C.:,-FFICrENT 0.8244
REEI,.'A.. STANr14FrD DEVIATION 0.15:?5
7 V _'.' - 5. e.,.

.i['E: F :':EAILITY LEVEL o.06006
El.,E-RE:.rC0r,-E IS. S.IriNIFICANT AT 0.0100 LEVEL

F-VA'J•E FOR LAI: -OF-FIT = 0.51
k,[:IE-AILITY LEVEL = 0.7291

LAj_-COF-FIT IS NOT SIGNIFICANT

NC, riI'TLYING POINTS DETECTED IN RESIDUALS FRUM LOG-LOG MODEL

ETFAIN TA151.7 WITHOUIT MIC:ROSOMES REQUIRES RETEST

I TA'E4TMENTS ARE SIGNIFICANTLY GREATER THAN THE CONTROL AT P = 0.0100

LOG 80-5-I. i2. JP4

STRAIN TA15?7 WITHOUT MICSOSOMES REQUIRES RETEST
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B, Series (continued)

Da..

S

tt

Day 10 10 ""

Day' 18

I

•"y 24 L•_•

Figure B-2. Gas chrornatograrn of pentane extracts from

biodegradation of model JP-5, B1 -16 .25 .•L-

standard, day 10, 18, 24.

69

- ~ - -



Is series

Standard
16.2

B B

Dali 0Day 3

F a

standard d 0 , 5.

L ii

DI

Day 05 K

C 4
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Ba Series (continued)

GB

I E

Day' 7
&

f:.I

G

Day H 9

Figure B-4. Gas chromatogram of pentane extracts from
biodegradation of model JP-5, B2 -i6.25 pL-
standard, day 7, 10, 18, 24.
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C, Series

StandardL

130 ii,;/IjLI

Day) 0

Day 3

Day 5

[[1 " .1.

'a- i1HflH
•I, L IA[1 :r

Figure B=5. Gas chromatogrim of pentane extraicts from
biodegradation of model JP-5, CI-130 eL-
standard, day 0, 3, 5.
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C, Series (continued)

F---
11

G

Day 24 __A" l I. .

Figure B-6. Gas chromatogram of pentane extracts froma
biodegradation of model JP-5, CI-130 pL-
standard, day 7, 10, 18, 24.
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Ca Series

A
Standard

130 mg'uL

3 •

Day 0

Day 3

Day 5

biodegada[io ti odlL JF5C210

t

C

F o.I.|

D t t • ig

Figure B-7. Gas chromnatogram~ of pentane extracts from~
biodegradation of model JF-5 C2 -130 pL-

' standard, day 0, 3, 5.
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CA series (continued)
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AIPENUIX C

TRANSPORPT OF SHALE-DEFIVED JP-4
COMPONENTS IN LABORATORY CORE
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APPENDIX D

TRANSPORT OF MODEL JP-5 IN LABORATOR'Y CORE
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APPENDIX E

TRANSPORT OF MODEL JP-$ IN OUTDOOR CORE
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Position 1
Day

_____62 .75 _103_.117 131_.145 159_.173

1 ,3,5-TRIMETH'YLBENZENE

N-DECA.NE

UDCANE-

1 .2,4 5-TFTRA1'ETHLBENZENE

1,2, , 4-TETRAIEMHLBENZENE

TEl iAZ iN

NA-F:hALENE

L);,:)E CANE

2 M-NETW;fLNAFTHALENE

N- 2' .CANqE

* -:,':!ETHif.L.NAFTHALENE-

N-FEIJADECkJNE

Position 2
Day _ _ _ _ _ _ _

_______62 75 .103 217 231 .145 159 173,

.- ý-TRIMETFYLBENZENE

2-DE:ANE

1.2 4 :.-TFTFRANETH'LBENZENE

4-TETR-MEItF;LBENZENE

'I E I IRA2

7--' :- AL E 1E

2-1-'.Tff;LNATTKWLEIJE

2,3 -LIINETH?'LIAPTHALENE

Fi-gure E-22. Transport of model JP-5 components

in Core 13A over time.

*Core 13 was studied in outdoor laboratory.

135



Position 3
62 .75 .103. Day

_______________ 62_____ 5__ 103__ 117 131 .145 .159 .173

1 .3, 5-TRIMETHYLEENZENE

N-DECANE

UNDE CANE

1,2,4, 5-TETRAIIETHYLEENZENE.

1 ,2 ,3, 4-TETRLM4ETHYfLBENZENB

TETRALIN

NAPTHALENE

2-METHYILNAPTHALENE

N-TRIDECANE

BIPHENYL

2, 6-DIRETHYLNAPTHALENE

2, 3-DIMETHYLNAPTHALLNE

N-PENTADECANE

Figure E-22 (continued)
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TABLE E-1. TRANSPORT SUMMARY OF MOREL JP-5
THROUGH OUTDOOR CORE 13

Fiot e 2 Day

position 62 75 103 117 131 145 159 173 187 201 214

1 10 10 13 10 7 10 5 0 -

2 - 2 6 7 6 6 4 0 - -

3 10 8 6 0 5 5 5 3 - -

4 - 0 0 0 0 0 0 0 - - -

5 - 0 0 0 0 0 0 0 0 -

Eottcn 0 0 0 0 0 0 0 0 0 0 0

a Values reported represent the number of peaks identified by

G2 analysis. Dashes indicate that no GC an•lysis was runon that day.
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APPENDIX F

TRANSPORT OF MODEL JP-5 IN SMALL CORES

PHiECZD~M PAOS KANK-An T 71L
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APPENDIX C

HEADiSFACE GASES
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